rain injuries from stroke and head trauma are leading causes of morbidity and death in the world. 3, 27 In patients with these injuries, early fever 9 and hypothermia 13, 29 (dysthermia) and the onset of systemic complications are associated with poor outcomes. Plausible theories of the underlying reasons for disturbance in thermoregulation after brain injury are based on observations in animal models. These findings suggest that potential causes of fever include damage to the hypothalamus, midbrain, or pons by enhanced sympathetic activity; acute or delayed ischemia; toxic blood metabolites; physical distortion; or inflammation.
of brain injury, 9, 25 early recognition of this condition and modulation of the physiopathological mechanisms leading to dysthermia may be part of strategies aimed at limiting systemic complications, primary and secondary neuronal injury, and improving long-term outcomes. 16 Although much is known about the effects of dysthermia on neurological outcomes after brain injury, only limited data based on neurological diagnosis are available for addressing the epidemiology and risk factors of this phenomenon. In particular, little is known about the differential effect of dysthermia on in-hospital case fatality dependent on neurological diagnosis. Therefore, the primary aims of this study were to determine the temperature profiles and incidence of dysthermia among a mixed cohort of brain injury patients admitted to the intensive care unit (ICU) and to evaluate the effects of dysthermia on in-hospital case fatality. Specifically, we wanted to determine the following: 1) the occurrence of spontaneous dysthermia on admission to the ICU, 2) the impact of dysthermia on in-hospital case fatality, and 3) whether dysthermia on admission to the ICU was an early predictor of in-hospital case fatality. Data were analyzed by taking into account neurological observations and by adjusting a multivariable analysis for known confounders of poor outcomes. We hypothesized the following: 1) dysthermia would be associated with in-hospital case fatality and 2) the effect of dysthermia on death would not be different across subgroups of patients with brain injuries.
Methods
This was a retrospective multicenter study, using a prospectively compiled and maintained registry (Cerner Corporation -Project IMPACT, Bel Air, MD). Project IMPACT (PI) is a large administrative database (initially developed by the Society of Critical Care Medicine) designed for critical care units across all disciplines. Intensive care units for adults from 131 US hospitals participate in PI, and data from more than 400,000 patients have been collected prospectively.
For this analysis, critically ill patients with acute ischemic stroke (AIS), aneurysmal subarachnoid hemorrhage (aSAH), intracerebral hemorrhage (ICH), or traumatic brain injury (TBI) who were older than 17 years and consecutively admitted to the ICU from 2003 to 2008 were selected for the analysis. The following variables were recorded for all patients admitted to the ICU during the study period: origin (emergency department vs inpatient admission); emergency department boarder status; 24 donot-resuscitate rates; demographics; comorbidities; and variables within 24 hours of admission to an ICU, including Acute Physiology And Chronic Health Evaluation II (APACHE II) score, Glasgow Coma Scale (GCS) score, vital signs, laboratory results, and admission and hospital discharge status (alive and independent, alive and partially dependent, alive and fully dependent, or dead) 36 (Table 1) . To assess the effect of medical complications during ICU admission on in-hospital case fatality, we collected data on the following acute organ dysfunctions during the ICU stay according to the definitions of the PI database: cardiovascular dysfunction (a systolic blood pressure < 90 mm Hg or a mean arterial pressure < 70 mm Hg; or vasopressor requirement to keep systolic blood pressure > 90 mm Hg or mean arterial pressure > 70 mm Hg for a duration of > 1 hour), metabolic dysfunction (lactic acidosis > 2.0 mmol/dl), respiratory dysfunction (acute lung injury with a PaO 2 /FiO 2 < 300 or positive end-expiratory pressure > 5 cm H 2 O), renal dysfunction (serum creatinine increased > 1 mg/dl from baseline despite fluid resuscitation, or creatinine > 2.0 mg/dl regardless of baseline), hepatic dysfunction (acute elevation of serum bilirubin > 2 mg/dl), hematological (platelet count < 100,000/mm 3 or prothrombin time/partial thromboplastin time > 1.5 times baseline), and neurological dysfunction (onset delirium or GCS score < 12). These definitions have also been used in previous studies using the PI repository. 5, 12 Hospitals were defined by location as urban, suburban, or rural; by type as community (non-academic), university based (academic), or public; and according to the Halpern criteria 10 as small-to-medium size (≤ 300 beds), large (301-499 beds), or extra large (> 500 beds). We also collected the total hospital length of stay. Specific data on the National Institutes of Health Stroke Scale scores, the Hunt and Hess grades, the ICH scores, or other indices of disease severity or admission imaging were not available from the PI repository.
The main exposure variable was temperature, and for the purpose of this analysis, fever was defined as any temperature ≥ 37.5°C within the first 24 hours of admission to the ICU, hypothermia as any temperature < 36.0°C, and normothermia as a temperature not defined as fever or hypothermia. These cutoffs were defined a priori by consensus, and they conform to published results from clinical observations 14, 22, 25, 31, 33 and practice guidelines. 16 A preplanned secondary analysis was also performed, using a definition of fever as ≥ 38.3°C. 14, 17 The PI database does not collect information on the technique or anatomical sites used to collect temperature data. The primary outcome measure was in-hospital case fatality.
Continuous data are presented as means and SDs or as medians and interquartile ranges as appropriate, depending on the distribution of the data. Continuous variables were assessed for normality with the KolmogorovSmirnov test. Categorical data are reported as proportions and 95% CIs. For evaluation of differences at the univariable level, 1-way ANOVA was conducted, and differences between means were compared with the Tukey-Kramer post hoc test, the Mann-Whitney U-test for nonparametric data, or the chi-square or Fisher exact test for proportions. The outcome of interest was compared among the exposed groups using the Cochran-Mantel-Haenszel statistic. To test for the homogeneity of the odds ratios, we used the post hoc Breslow-Day test. For multivariable analysis, generalized estimating equations were used to account for potential correlations in mortality rates among patients sampled within hospital clusters. 15 We examined an alternative to the independence assumption (that is, no association with mortality rates) for withinhospital correlation, using the quasi-likelihood independence criterion. An exchangeable correlation structure provided a better fit than the independence assumption, suggesting that a hospital effect was present in the model. All patient data in Tables 1 and 2 were considered to be potential candidate variables for the models. Because other indicators of disease severity were lacking, we used the APACHE II score to account for potential effects of comorbid conditions and acute physiological derangements on our outcome of interest. As a surrogate of elevated intracranial pressure or hydrocephalus, we adjusted our multivariable models by intracranial pressure monitoring upon admission to the ICU or during the ICU stay. To test if dysthermia exposure remained a significant independent predictor of in-hospital case fatality when the model was adjusted for propensity of individuals to be exposed to dysthermia, a sensitivity analysis was performed, using propensity scores and adding the result of the propensity scoring into the final multivariable model. Finally, we tested for possible first-order interactions in those variables retained in the model. In all multivariable analyses, all factors of interest were included, and parsimonious models were identified by systematically removing the least significant factor and recalculating the model.
Statistical analyses were conducted using SPSS software version 20.0 (SPSS Inc.). Our reporting of observational data conforms with the strengthening the reporting of observational studies in epidemiology (STROBE) guidelines. 37 Based on the de-identified nature of the database used, the institutional review board at our institution exempted this analysis from full review.
Results
In total, 13,587 patients from 94 different hospitalbased ICUs met the inclusion criteria. All ICUs were nonneurological or neurosurgical models. Neurological diagnosis included AIS in 22%, ICH in 31%, aSAH in 17%, and TBI in 30% ( Table 1 ). The cohort contained more men than women, and patients were predominantly white from community (non-academic), urban, and extra-large hospitals; 82% of the patients were living independently before being admitted to the hospital. Do-not-resuscitate status on admission applied to 5% of the cohort. Of all patients admitted to the ICU, 48% were normothermic (mean temperature 37.0°C ± 0.3°C), 1% were hypothermic (mean temperature 35.1°C ± 1.0°C), and 51% had fever (mean temperature 38.3°C ± 0.7°C) (p < 0.001 for differences in temperature between all pairs). Patients with hypothermia were more likely to be older than febrile patients, and had worse pre-admission functional status, higher APACHE II scores, and lower GCS scores. Additional physiological data over the first 24 hours in the ICU for all groups are shown in Table 2 .
On admission to the ICU, fever was more frequent * Number of patients (%) are indicated, unless indicated otherwise. CPR = cardiopulmonary resuscitation; DNR = do not resuscitate; Dx = diagnosis; ED = emergency department; ICP = intracranial pressure; IQR = interquartile range; NS = not significant. † Defined as independent (the patient is living at home requiring no assistance in completing activities of daily living, which includes people who are homeless, or who are incarcerated, but otherwise physically and mentally functional), partially dependent (the patient is living at home, in a group home, or in a care facility and requires some assistance in completing the activities of daily living and the limitation[s] requiring assistance may be physical or mental), and fully dependent (the patient is living at home or in a care facility and is unable to perform the activities of daily living, must be cared for by other [s] , and the limitations requiring assistance may be physical or mental). ‡ Cardiovascular disease (defined as baseline symptoms such as angina or shortness of breath at rest or on minimal exertion, New York Heart Association Class IV, plus one or more of the following diagnoses: severe coronary artery disease, severe valvular heart disease, or severe cardiomyopathy), respiratory disease (defined as chronic obstructive, restrictive, or vascular pulmonary disease resulting in severe exercise restriction, such as being unable to climb stairs or to perform household duties; dependence on respirator because of active respiratory disease; or documented chronic hypoxia, hypercapnia, or pulmonary hypertension > 40 mm Hg), cirrhosis, chronic renal disease or end-stage renal disease, HIV status, and cancer).
in patients with TBI and aSAH, and hypothermia was more frequent in ICH patients (Table 3 ). The average temperature of patients at admission for TBI patients was 37.8°C ± 0.9°C (p < 0.001 vs all others); for aSAH patients, 37.6°C ± 0.8°C (p < 0.001 vs TBI or AIS); for AIS patients, 37.4°C ± 0.8°C (p < 0.001 vs all others); and ICH patients, 37.6°C ± 0.9°C (p < 0.001 vs TBI or AIS). The outcomes among the patients in this study are shown in Table 3 . Overall, 23% of all patients met the primary outcome of in-hospital case fatality, which was more common among patients with ICH, followed by patients with aSAH, AIS, or TBI. Similarly, mortality rates were overall higher among patients with hypothermia (crude OR 12.7, 95% CI 8.4-19.4) than among those with fever (crude OR 1.9, 95% CI 1.7-2.1). In a subgroup analysis, AIS patients with fever had the highest risk of death when compared with patients with ICH, TBI, or aSAH (p value < 0.0001 for Cochran-Mantel-Haenszel test for conditional independence, and p < 0.0001 for BreslowDay test for homogeneity of the OR; Table 3 ). Although the mortality rate was higher in patients with hypothermia, this increase was not statistically significantly different across subgroups (p < 0.0001 for Cochran-MantelHaenszel test for conditional independence, and p = 0.2 for Breslow-Day test for homogeneity of the OR; Table 3 ).
In the secondary preplanned analysis, defining fever as a temperature ≥ 38.3°C, the overall risk of death was even higher in the fever group (OR 3.0, 95% CI 2.7-3.3). With this definition, AIS patients with fever had a higher risk of death (OR 4.7, 95% CI 3.7-6.0) than patients with ICH (OR 3.7, 95% CI 3.1-4.5), aSAH (OR 2.7, 95% CI 2.1-3.5), or TBI (OR 2.5, 95% CI 2.1-3.0) (p value < 0.0001 for Cochran-Mantel-Haenszel test for conditional independence, and p < 0.0001 for Breslow-Day test for homogeneity of the OR). The median hospital length of stay for survivors in the cohort was 6 days (IQR 3-12 days) but was slightly higher among the patients with aSAH (Table 3) .
In the multivariable analysis using generalized estimating equations, the following were found to be significantly associated with in-hospital case fatality: APACHE II score, do not resuscitate on admission, organ dysfunc- tion, intracranial pressure monitoring, and neurological disease (AIS, ICH, or aSAH when compared with TBI) (Table 4 ). An ICH was associated with the highest risk of case fatality followed by aSAH and AIS. Exposure to fever or hypothermia was found to be significantly associated with in-hospital death, and this effect remained significant even after adjusting for all other factors. The multivariable analysis also suggested a significant effect of hospital size: a higher risk of death was associated with hospitals that had a lower number of patients (Fig. 1) . Finally, in the sensitivity analysis, we found that the following variables were significantly associated with dysthermia in our cohort: male sex, white race, presence of comorbidities, APACHE II score, small and mediumto-large size of hospital, urban and non-academic hospital, and emergency department origin ( Table 5 ). The probabilities, expressed in quintiles, were included in the final generalized estimating equation multivariable model (Table 6 ). When the calculated propensity score was accounted for, as seen in Table 6 , the ORs for in-hospital case fatality associated with fever or hypothermia did not significantly change (for fever, an adjusted OR 1.2, 95% CI 1.04-1.41, p = 0.02; and for hypothermia, an adjusted OR 7.6, 95% CI 3.4-14.7, p < 0.0001, Table 6 ). These data indicate that fever and hypothermia remained significant independent predictors of in-hospital death when these factors were adjusted for the probability of a patient being exposed to dysthermia. We also found statistically significant interactions in our data, indicating a significant effect of fever on case fatality in the AIS and ICH subpopulations ( Table 7) .
Discussion
In this large multicenter study of patients with brain injuries who were admitted to an ICU, we have confirmed that fever frequently occurs after brain injury. 9, 25, 31, 32 We also identified spontaneous hypothermia among a small proportion of these patients. Both fever and hypothermia were independently associated with increased in-hospital case fatality even after adjustment for other confounders during admission and ICU stay. The effect of these dysthermic conditions on in-hospital death remained independent after adjusting for the propensity or probability of a patient's exposure to dysthermia. Our study confirms results from previous reports addressing the effect of dysthermia on clinical outcomes after brain injury. 9, 25, 31, 32 Our results also suggest that the effect of fever on case fatality varies with the type of neurological injury. This may suggest disease-specific mechanisms in the onset of fever, which could contribute to worsening neurological outcomes depending on the type of brain injury. While we acknowledge that association does not necessarily imply causation, these data support the hypothesis that dysthermia upon admission to the ICU poses an increased risk for poor outcomes after brain injury.
Patients with brain injuries may develop fever as early as 24 hours after admission to the ICU 9,31-33 and throughout the ICU stay. 28 In our study, up to 51% of the patients with neurological injuries experienced fever on admission to the ICU. Fever was more frequent in TBI and aSAH patients, followed by patients with ICH and AIS. Several studies have reported the incidence of fever after TBI, 1, 35 which may be seen in up to 42% of the patients during the first 24 hours of admission. 8 Similarly, aSAH patients in our cohort were more likely to have fever on admission to the ICU. Most studies of fever in patients with aSAH have addressed the incidence of fever throughout the ICU stay. 6, 18 Fernandez et al. 6 demonstrated that fever in aSAH, with an average temperature elevation of about 0.6°C ± 0.58°C, is seen as early as the first 24 hours of admission. These studies also suggest that in 91% of TBI patients 35 and 73% aSAH patients 18 staying in an ICU the development of fever may be explained by infections. As infection or sepsis may be unlikely within the first 24 hours of ICU admission in patients with TBI or aSAH, it is possible that an early fever represents an acute response to injury or inflammation, or that it may be related to damage of thermoregulatory pathways. 30 Theories of human thermoregulatory disturbances after brain injury are based on observations in animal models of brain hemorrhage and propose that damage to the hypothalamus, midbrain, or pons by enhanced sympathetic activity; acute or delayed ischemia; toxic blood metabolites; or physical distortion may be potential causes of fever. 7, 34 In our cohort, patients with AIS, followed by patients with ICH, had the lowest incidence of fever upon admission to the ICU. Animal studies have shown that during focal cerebral ischemia, brain temperatures can drop and return to normal after recirculation, perhaps mediated by changes in cerebral blood flow. 11 Schwarz et al. 33 reported that the incidence of fever was higher during the first 72 hours after ICH and that it decreased over time. Rincon et al. 22 did not find a significant increase in the incidence of fever during the first 24 hours after onset of symptoms in a cohort of ICH patients. However, the frequency of fever increased after the first 24 hours of symptom onset in patients with ICH. 22 The results of these studies are in agreement with our observations. They may support the notion that the mechanisms in ischemia-reperfusion injury in AIS and the onset of local or systemic inflammatory responses to hematoma growth and cerebral edema in ICH may be responsible for the slightly lower incidence of early fever seen in these groups. 22 In contrast, both TBI and aSAH are considered global forms of brain injury, different from AIS or ICH, which are associated with more focal forms of brain damage.
Because of the retrospective nature of our study, we were unable to study in detail the association between dysthermia and stroke location, which makes our explanations merely speculative. It is possible that infarcts or hematomas in thermoregulatory pathways could be associated with temperature dysregulation after AIS or ICH. Rincon et al. 21 did not find an association between hematoma location and fever after ICH. Nevertheless, regardless of the difference in the incidence of fever upon admission to the ICU, fever was associated with higher in-hospital case fatality in all patients as has been suggested by other studies. 9 Spontaneous hypothermia on ICU admission was seen in 1% of our patients and was more frequent in patients with ICH followed by TBI patients. The variables associated with hypothermia in our study, such as older age, comorbid conditions, nonindependent functional status, and comatose state, reflect known interactions between disease severity and temperature dysregulation. 4 In other cohorts of critically ill patients, such as trauma, sepsis, and postsurgery patients, spontaneous hypothermia on ICU admission is also associated with poor outcomes. 14, 19, 38 In our study, compared with the effects of fever, hypothermia remarkably increased the risk for in-hospital death. Studies in patients with injuries other than of the brain have also confirmed this association.
14 Laupland et al. demonstrated that both fever and hypothermia increase the risk of in-hospital death in medical and surgical patients.
14 Therefore, hypothermia on admission to the ICU may be used as an alert for an increased risk of unfavorable outcomes in all brain injury patients. However, it appears that the risk for poor outcome may be higher in critically ill, brain injury patients 25 when compared with patients with other injuries. 14 Rincon et al. recently demonstrated that the risk of in-hospital death was higher in critically ill patients with neurological injuries who had fever than in critically ill patients with other injuries who had similar disease severities and who were also similar in terms of age, sex, acute physiological derangements, and comorbidities. 25 Our reported in-hospital mortality rate is also higher than the in-hospital mortality rates reported by Laupland et al. for hypothermic patients (60% vs 79%) and patients with fever (21% vs 28%) admitted to the ICU. 14 These data suggest that patients with brain injuries may be at higher risk of dysthermia and poorer outcomes overall.
The strengths of our study are the methods used to test our hypotheses, the multicenter basis of the cohort ascertainment, and our mortality rates being in agreement with other reports from the literature. 20, 23, 26 We also acknowledge the limitations of our study. First, our analysis is observational in nature, limiting the inferences that can be made about causal relationships. Second, the database used to perform our analysis was designed from an ICU perspective rather than to collect prospective data and end points commonly used in research of neuroscience outcomes. Moreover, the absence of data on disease-specific indexes of severity (National Institutes of Health Stroke Scale; ICH and Hunt and Hess scores; radiological variables; and surrogates of brain damage such as pupillary abnormalities) and on treatments for the advanced management of stroke and TBI precluded estimating associations or interactions within these variables. This suggests the possibility of some unmeasured confounding, which may have influenced our observed associations. Third, because of the content in our database, we were unable to determine the effect of dysthermia beyond 24 hours and its effect on our prespecified outcomes. However, our data are robust and indicate that the effects of dysthermia could be significant as early as 24 hours, at least for our outcome of interest. We acknowledge that a single daily measurement of temperature may have not captured the whole impact of fever or hypothermia on our proposed outcomes. Most importantly, we did not know the technique used to ascertain the patient's temperature in each of the participating ICUs. So, it is possible that some patients would have been categorized differently if a systematic measurement protocol had been used. Fourth, our study is an observational analysis of important clinical variables used in the ICU. We did not have access to other biological assays such as inflammatory markers, which would have been valuable at the time of explaining our results. To this end, future studies are needed to better understand the pathophysiology and molecular basis of temperature dysregulation and the influence of treatment modalities on the outcome of critically ill patients with brain injuries. Fifth, our data are limited by the quality of the PI repository. It is important to note that this analysis does not address longer-term or overall mortality. We were unable to examine or link data on mortality rates beyond the hospital admission, which may be more important from a public health perspective. Therefore, the advantages of our robust sample size are potentially offset by our inability to audit these and other data elements.
Sixth, our cohort may have been subjected to selection bias in the sense that our sample may not be representative of the whole population under study or in ICUs in the United States, so our results should be interpreted with this in mind. To this end, additional studies within specific populations of brain injury patients may be needed to further expand our knowledge in the field and to confirm our results. Finally, because the study focuses on nonneurological and neurosurgical ICUs in the United States, our results may not be generalizable to other settings where patients' characteristics, management strategies, and outcome may differ substantially.
Conclusions
Fever is frequently encountered in the acute phase of brain injury. The incidence of fever and its effect on mortality rates differ according to neurological diagnosis. This effect may be related to inherent disease processes and their interaction with local or systemic responses to injury such as inflammation. A small proportion of patients also may have spontaneous hypothermia. Both early spontaneous fever and hypothermia carry a higher risk for in-hospital death after brain injury. These data underscore the need for additional studies aimed at studying the mechanisms associated with the onset of fever after brain injury.
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